The water vapor transport properties of textile fabrics are of considerable importance in determining thermal comfort properties of clothing systems. There are different standard test methods available for measuring water vapor transport properties of fabrics. They are either time consuming or expensive methods. Objective of this work is to determine water vapor transmission resistance of the fabric using other properties of the fabric in such a manner that one can predict water vapor resistance. Both linear and nonlinear models were considered and different measures of model adequacy including residual sum of square, maximum absolute deviation and average absolute deviation were calculated. Using linear regression techniques, several statistically acceptable linear models were developed. The results revealed that several non-linear models can predict the water vapor resistance better than linear models.
INTRODUCTION
Comfort is fundamental to daily human life. This universal need, however is such a nebulous quantity that unanimous agreement on a definition of comfort is almost impossible to achieve.
Four different aspects for comfort may be defined, thermal comfort, sensorial comfort, garment fit, and psychological comfort. Among these, thermal comfort is of primary importance, since clothing is worn in various thermal conditions. Again four properties are suggested as critical for thermal comfort of a clothed body: (a) effectiveness to stagnant air, (b) thermal resistance, (c) vapor transfer rate, (d) liquid water transport properties. In this paper special attention is paid to water vapor transfer properties of fabrics.
In order to provide comfort for wearer, it is necessary for clothing to transmit water vapor from the body to the environment as fast as possible. Many researchers have investigated effect of properties such as weave or knit structure [1] [2] [3] [4] , fiber type and blend level [1, 2, 5, 6] , porosity [2, 5, 7] , tightness factor [2, 6, 7] , etc., on water vapor transmission rate.
Yoon and Buckley [5] , showed the importance of construction variables on moisture vapor transmission characteristics of fabrics. They described the resistance to water vapor transmission R in terms of fabric thickness L, optical porosity β and water vapor diffusivity of air D a as;
Özdil et al. [7] described the regression equation between water vapor permeability (WVP) and fabric parameters of the 1×1 rib fabrics with correlation coefficient of 98% as; WVP = 39.6 + 2.10a e + 7.28L -12.2h (2) Where α e is twist coefficient, L is loop length and T is fabric thickness. Using "Eq. (3) ." the conversion of WVR into R can easily be made.
Where, R is diffusion resistance, described as the thickness of still air layer, which has the same resistance to water vapor diffusion as the fabric. Where, R is fabric's water vapor resistance, V f is ratio of fiber volume in fabric and T is fabric thickness. In their work, other factors such as ends and pick per inch, warp and weft yarn count, weight, and air permeability are also measured.
Whelan et al. divided their report into three parts. The first part dealt with the method of measurement and included results and discussion of external air associated with laminar materials [8] . The second part dealt with results of a study of the transmission of water vapor by diffusion through perforated metal plates and mathematical consideration of the problem [9] . From empirical relations, they derived the general expression of:
Where T is plate's thickness, d is diameter of hole and β is percentage area of perforation. The third part was concerned chiefly with the resistance to the diffusion of water vapor offered by fabrics [10] . Objective of this paper is to link fabric properties like yarn count to water vapor transmission rate.
DATA MANIPULATION
Since, Whelan et al. thoroughly measured almost all operative parameters influencing fabric's water vapor resistance, the data which they measured was considered as the basis of this work. They chose 57 different samples, including felts. However, there were only 36 samples with all parameters measured, which are elicited in Table I . Also for convenience all yarn counts are converted to denier. Using statistical analysis of these data, different models were also developed to predict fabric's water vapor resistance.
In Table II , the mean and standard deviation of the independent variables are tabulated. Considering the mean values and standard deviations of the fabric properties one can observe that they differ widely from each other. To overcome this difficulty the values of all of the independent variables are modified in such a manner that their average value and standard deviation became zero and one respectively. The standardized independent values are shown in Table III LINEAR REGRESSION MODELS The Pearson product moment correlation coefficient is expressed as follows: (6) Where x stands for any independent fabric property and y signifies water vapor resistance of any sample. The Pearson product moment correlation coefficient, or simply r is a dimensionless number that ranges in [-1, 1] and is a measure of extend of a linear relationship between water vapor resistance and the fabric properties. Table IV shows that the correlation coefficient between water vapor resistance and ends and picks per inch, and also air permeability are negative numbers. This means that, by increasing the amount of them, the water vapor resistance will decrease. On the other hand, for the remaining properties the Pearson correlation coefficients are positive values. So, by increasing the value of such properties, the water vapor resistance will also increase. Another important point is that r for fabric's weight against water vapor resistance has the highest positive value; it implies that there is a strong direct relationship between weight and water vapor resistance of the fabrics.
For all fabric properties as independent variable, and water vapor resistance as dependent variable, regression calculations are performed and their ANOVA tables are obtained. Although the Pearson correlation coefficient is an adequate measure for determination of linear relationship between fabric water vapor resistance and any other fabric property, but in some cases, one may want to add extra variables to his/here model. When the amount of independent variables exceeds than one, the analyst should use other statistical parameters such as the multiple coefficient of determination for investigation of the amount of variation of water vapor resistance accounted for the mixture of independent variables. Appendix shows the statistical parameters used in regression analysis in brief. The third and fourth columns of Table IV indicate R 2 and F-ratio, for each model having only a single independent variable as shown in the first column of the table. Considering these measures of model adequacy, one could see that the highest correlation coefficient between water vapor resistance and all fabric properties is due to weight of fabric (0.87328). On the other hand the R Further investigation showed that the addition of a third variable for WVR2 model does not improve the adequacy of this model significantly. Using statistical technique of backward elimination regression, some other suitable models for prediction of water vapor resistance can also be obtained. In Table VI and VII the analysis of variance data and also coefficients for the models developed, using backward elimination regression are tabulated. The prediction of water vapor resistance using above models and also original Whelan et al correlation "Eq. (1)." ,in all cases are calculated and tabulated in Table VIII . Table IX show the comparison of the models concerning their sum of squared error, average absolute deviation and maximum absolute deviation. All of the models from WVR-1 to WVR-8 are acceptable from statistical point of view, however due to the form of the models; they belong to the linear regression category. 
Non-linear Regression Models
In this part there are some non-linear models developed. It has been found that when water vapor resistance is plotted against the fiber volume percent, air permeability, and ends per inch, graphs show hyperbolic like patterns. Hence the following models for any possible improvement will be studied. It is also important to note that both WVR9 and Whelan models used the same variables (fiber volume and thickness), but due to some differences in the form of WVR9, it is a little bit better model. The best model among all is WVR 16 with 6.14136 SSE.
CONCLUSION
Water vapor resistance of the fabric is a very important property for human's body comfort. We developed twenty models to connect water vapor resistance with structural properties of the fabric. Although eight statistically acceptable linear models were developed, none of them were comparable to original Whelan correlation.
On the other hand using non-linear regression models, fiber volume percent, air permeability and ends per inch were considered as hyperbolic variables and, thickness, weight, warp denier, and weft denier as linear variables. Twelve acceptable models were developed. Some of them from different measures of model adequacy such as, AAD, MAD and SSE, revealed that they can predict the water vapor resistance even better that that of original Whelan model.
APPENDIX
The multiple coefficient of determination can be calculated as follows: SStotal SSreg R 
(22)
The other parameters for example the amount of total sum of squares, sum of squares due to regression, sum of squares due to residual and F-ratio can be calculated using the following formulae: 
